Study objective-To test the hypothesis that the association between socioeconomic status and mortality rates cuts across the major causes of death for middle aged and elderly men. Design-25 year follow up of mortality in relation to employment grade. Setting-The first Whitehall study. Participants-18 001 male civil servants aged 40-69 years who attended the initial screening between 1967 and 1970 and were followed up for at least 25 years. Main outcome measure-Specific causes of death. Results-After more than 25 years of follow up of civil servants, aged 40-69 years at entry to the study, employment grade diVerences still exist in total mortality and for nearly all specific causes of death. Main risk factors (cholesterol, smoking, systolic blood pressure, glucose intolerance and diabetes) could only explain one third of this gradient. Comparing the older retired group with the younger pre-retirement group, the diVerentials in mortality remained but were less pronounced. The largest decline was seen for chronic bronchitis, gastrointestinal diseases and genitourinary diseases. Conclusions-DiVerentials in mortality persist at older ages for almost all causes of death.
An association between socioeconomic status and mortality has been shown in several studies and countries. [1] [2] [3] [4] [5] Marmot et al suggested that there was a general susceptibility to specific causes of death, as after a 10 year follow up of British civil servants in the first Whitehall study an inverse gradient by employment grade was seen for most causes of death. 6 However, the number of events used in this analysis was relatively small. After 25 years of follow up of this study population, it is possible to examine these associations again with many more events. Furthermore, it was possible to examine the diversity in the gradients by causes of death and to examine even more specific causes of death.
In previous analyses, employment grade differences have been partly explained by the biological and behavioural factors of smoking, blood pressure and cholesterol. 2 5 7 The impact of these risk factors on these employment grade diVerences in mortality rates were also investigated.
In addition, we might expect the socioeconomic diVerences in mortality to be less pronounced in old age, as the eventual probability of death for each person reaches 100%. However, social class diVerentials in mortality are still found in these age groups. [8] [9] [10] [11] A previous analysis of the 25 year follow up data from the first Whitehall study has shown that relative diVerences in mortality between socioeconomic groups decrease but still persist beyond retirement age and in absolute terms even increase with old age. 12 The question arises whether this applies to diVerent causes of death to the same extent or whether there are some causes where the grade eVects disappear after retirement age. Therefore, we have examined whether the employment grade eVects decreased with more years of follow up and whether these associations diVer between middle aged men and older retired men.
Methods
A total of 19 019 civil servants aged 40-69 years attended the initial screening of the Whitehall study between September 1967 and January 1970. In short, each participant filled in a standard questionnaire that included age, self reported smoking habit, civil servants' employment grade, and health status. Measurements at the screening examination included blood pressure, plasma cholesterol concentration and a glucose tolerance test. Subjects with a blood glucose, two hours after a post-fasting 50 g glucose load, above 11.1 mmol/l or with previously diagnosed diabetes constituted the diabetic group; non-diabetic subjects with glucose concentrations above the 95th centile point (5.4-11.0 mmol/l) formed the group with impaired glucose tolerance, and other subjects were designated as being normoglycaemic. Smoking has been categorised according to cigarette use as current smokers, ex-smoker and never smoker. More details regarding design and methods are described elsewhere. 13 Employment grade was categorised as administrative, professional and executive, clerical, and "other" grades (for example, messengers and other unskilled manual workers). For 886 men from the Diplomatic Service and the British Council, employment grade was not comparable with the grades above and these men have been excluded from the analyses.
Records from 99.3% of the remaining men were flagged at the National Health Service Central Registry, which notified us of all deaths up to the end of January 1995. Causes were classified according to the International Classification of Disease, eighth revision (ICD-8). A total of 18 001 men were followed up for at least 25 years and contributed a total of 385 660 person years with 8053 deaths. For another 21 subjects the cause of death was missing, these have been excluded from the cause specific mortality analysis.
DATA ANALYSIS
Mortality rates have been calculated using person years at risk. These rates have been standardised for age at entry by the direct method, using five year age bands and with the total population as the standard. The mortality gradients across the four employment grades are close to linear. Therefore, to compare the trends across the employment grade levels between several causes of death we estimated the rate ratio between the lowest and the highest employment grade using Cox's proportional hazards models in which employment grade was added as a continuous variable (values 1, 2, 3, and 4). We estimated the rate ratio between the highest (that is, administrative) and the lowest employment grade (that is, "others") by taking the exponent of three times the coeYcient for employment grade. This method has the advantage of giving a more stable estimate as all the data, rather just the data from the relatively small groups of the "other" grade and administrative grade, are used.
To examine the impact of risk factors on these employment grade diVerences, mortality rate ratios among subjects who are not currently smoking and who have a low plasma cholesterol level (below the median of 5.0 mmol/l) and a low systolic blood pressure (below 133 mm Hg) were estimated. In addition, the mortality rate ratios based on the whole population were adjusted for several risk factors: smoking, systolic blood pressure, glucose intolerance and diabetes, and cholesterol.
To compare the employment grade diVerences for three diVerent intervals of follow up (0-9, 10-19, 20+ years), we split our dataset into three parts and computed age adjusted rate ratios for the four employment grades taking the professional/executive as the reference group as the administrative grade had relatively small numbers.
For the analysis of the age specific mortality diVerentials we also created a new expanded dataset in which for each individual year of follow up a new record was created, consisting of each man's current age at risk together with his employment grade and length of follow up in that year. Deaths were allocated to the appropriate current age category. This dataset was split into three parts depending on the subject's current age. As men at lower risk of death had on average, a longer follow up, we adjusted these analyses for the length of follow up and also adjusted for age using five year age groups. All analyses were done using the statistical package SAS.
14 Results Table 1 shows the age adjusted mortality rates by employment grade and the rate ratio of the lowest versus the highest employment grade for all the broad major causes of death after more than 25 years of follow up. The mortality rate was higher for all these major causes of death in the lower grades compared with the higher grades and was statistically significant in almost all cases. The largest diVerences were found for lung cancer, chronic bronchitis and respiratory diseases. Looking at the diVerences in absolute rates, cardiovascular diseases and neoplasms contributed the largest part to the diVerences between the mortality rates by grade.
For some groups of diseases, for example "other neoplasms", the weak association was caused by the heterogeneity between the strength, and, to a lesser extent, direction of the associations for the diseases within the group (test for heterogeneity; p < 0.01). This heterogeneity between specific cancer sites was similar (data not shown) to a previous analyses of Davey Smith et al. 15 Socioeconomic diVerentials for subcategories of cardiovascular diseases are reported in table 2. In contrast with the heterogeneous eVects across cancer sites, the socioeconomic diVerentials in diseases of the circulatory system were quite homogeneous with rate ratios varying between 1.35 and 2.65. Table 3 shows the grade diVerences in mortality for the low risk group. The estimated mortality rate ratio is not given for those causes with fewer than 20 deaths. Even in this low risk group an employment gradient is seen in total mortality. Only 38 of the 702 of the lung cancer deaths occurred in this non-smoking subgroup. For most other specific causes of death the employment grade gradients are even steeper in this low risk group compared with those in the whole study population. Furthermore, mortality rate ratios that are adjusted for age and the major risk factors and based on the whole population are shown in table 3. Adjustment for these risk factors reduced the employment grade diVerences for almost all specific causes of death. About one third of the employment grade diVerences in total mortality could be explained by these diVerences in risk factors.
The 25 year follow up gave us the opportunity to examine whether the mortality rate ratios with employment grade were the same after diVerent intervals of follow up. Figure 1 shows the rate ratios for total and cause specific mortality after the first 10 years of follow up, the second 10 years of follow up and for the follow up after 20 years. In general, the diVerentials in mortality decreased slightly, after more years of follow up. However, the employment grade diVerences in mortality persisted even after more than 20 years of follow up.
To examine the diVerentials in mortality, pre-and post-retirement, we calculated the employment grade diVerences in mortality by three age groups and adjusted for the length of follow up. Table 4 shows the rate ratios for the "other" versus administrative grade by the three age groups. In the older age groups there were a smaller proportion of deaths from x Social diVerentials influence most causes of disease and these eVects continue through into retirement. x Main risk factors could only explain one third of the gradient. x Comparing the older retired persons with the younger pre-retirement persons, employment grade diVerences in mortality remained but were less pronounced. x The largest decline with age was seen for chronic bronchitis, gastrointestinal diseases and genitourinary diseases.
ischaemic heart diseases but this was compensated by greater proportions attributable to cerebrovascular disease, other cardiovascular disease and other respiratory diseases. In all three age groups, a gradient was seen between employment grade and total mortality and most specific causes of death. In general, the associations in the youngest age group were steeper than in the higher age groups. The rate ratios for employment grade in those men aged 65-69 years were not always significant because of the small numbers of deaths. The steepest decrease in gradient with increased age was seen for mortality caused by chronic bronchitis, gastrointestinal disease and genitourinary disease. Most of the decrease in the gradient for these causes was seen between the youngest pre-retirement, age group and the older two age groups.
Discussion
After more than 25 years of follow up of civil servants, aged 40-69 years at entry to the study, the inverse gradient by employment grade still existed in total mortality and for nearly all specific causes of death. The mortality rates were highest in the lower employment grades. Cardiovascular diseases and cancers contributed most to the absolute diVerences in the total mortality rates by employment grade although the largest relative diVerences are found for respiratory diseases (chronic bronchitis, lung cancer). The strength of the associations for the specific cardiovascular causes of death did not vary materially. About one third of the employment grade differences could be explained by the distribution in the major risk factors. Except for lung cancer, diVerences between employment grades are also found in subjects with a low blood pressure, who are not smoking and have a low plasma cholesterol level. Employment grade diVerences declined slightly after more years of follow up, but are still present in the survivors after 20 years of follow up. The decline in relative diVerences in mortality with age was the highest for chronic bronchitis, gastrointestinal disease and genitourinary diseases. However, even in retired subjects, socio- Before discussing possible mechanisms behind these diVerences, some potential artefactual explanations need to be considered. All subjects were, at entry to the study, working in stable, sedentary jobs in one location, so that the civil service employment grade categories produce groups that are more homogeneous, for example, with respect to aspects of material circumstances, than most socioeconomic groups in other similar studies of inequalities. As a consequence, diVerentials might be expected to be larger than equivalent socioeconomic diVerences in the British population. 15 In addition, our findings might be aVected by misclassification of the causes of death or employment grade. There is evidence that, in the past, working class patients were more likely to be diagnosed as suVering from other myocardial degeneration while middle class patients were more likely to receive a more specific diagnosis of angina pectoris. However, Samphier reported a study in which they matched the diagnostic agreement about cause of death between clinicians and pathologists. 16 They concluded that although the diagnostic agreement does indeed vary with social class of the patient, the variation is small and in all the major diagnostic chapters, except respiratory diseases, the eVect of correcting such diagnostic biases would either not aVect or steepen existing class gradients. Thus, the steep diVerences for respiratory diseases may partly be a consequence of under diagnosis in the higher employment grades and over diagnosis in the lower employment grades.
Any misclassification of employment grade is not likely to be large. In addition, employment grade as an indicator of socioeconomic status has been shown to be a powerful predictor of mortality and morbidity and generally has shown steeper mortality diVerentials than national data based on the Registrar General's classification of occupations.
Explanations for the social class inequalities in morbidity and mortality have been sought in health selection or in health related behavioural or material factors that are diVerently distributed over the employment grades. 17 Unfortunately, we did not measure morbidity or changes in employment grade. However, our diVerentials found after 20 years of follow up and results from other studies, suggest that the eVect of selective social mobility is limited. 18 19 Similar to the results after 10 years of follow up, 6 the main risk factors of smoking, blood pressure, cholesterol and glucose, as measured at the initial examination, explain about one third of the socioeconomic diVerentials in mortality. The contribution of risk factors to the explanation of the inequalities depends upon the fact that the risk factors were measured only once, at baseline, and so provide probably weaker measures of the true risk factors with increasing length of follow up, as the risk profile may change. However, previous analysis has shown that the predictive value of cholesterol measurements is larger with increasing time gap between measurement and death. 20 The contribution of risk factors to the explanation of the inequalities depends also upon the strength of the association between these factors and socioeconomic status and also on the diversity of risk factors that can cause the disease. It is interesting to contrast the results for lung cancer and respiratory disease in those men at low risk with the results of the total population in this respect. The attributable risk for smoking on lung cancer is quite high and we do not see socioeconomic diVerentials for lung cancer in the low risk group. However, the increased employment grade gradient for respiratory disease in the low risk men suggests that, besides smoking, the working and living environment may diVer among the employment grades. The underlying risk factors for diseases might also explain the diversity in diVerentials for cancers compared with the similarity in diVerentials for cardiovascular diseases. In contrast with cancer, ischaemic cardiovascular disease is a so called "general disease". The process of atherosclerosis occurs in the whole arterial system, thus, most cardiovascular diseases have the same risk factors, while the risk factors for cancers are quite diVerent. Apart from the major risk factors of smoking, blood pressure, glucose and cholesterol, other behavioural or material factors might play a part in inequalities. One of these factors is unfavourable working conditions that may be linked either to external harmful exposures such as chemicals, or dust pollution in industrial settings or to stress, or job control more generally. [21] [22] [23] Our study population were oYce-based civil servants, but despite the relatively homogeneous study population, working circumstances might vary by employment grade. The observed decline in employment grade diVerences after retirement age for most causes of mortality suggest that working conditions might explain some of these inequalities. For example, it is known that gastrointestinal diseases are associated with occupational stress, 24 and that chronic bronchitis can be induced by working conditions. 25 We do, indeed, see large changes in the employment grade gradient for these outcomes after retirement. The eVect of some working conditions, which contribute to the diVerentials in health and mortality, may continue to have influence into the old age. For example, the lag time between some exposures and a disease would pass the retirement age. Similarly, behavioural factors, which may be associated with employment grade, will not change on the day of retirement.
An additional explanation for the socioeconomic diVerences in mortality has been suggested: employment grade is associated with factors that influence someone's general susceptibility to diseases. 5 Our results support this assertion, as the main risk factors could not fully explain the employment grade diVerences in all causes of death. Furthermore, among a low risk group with respect to hypertension, cholesterol and smoking, employment grade diVerences in mortality were still found. In addition, the results suggest that this general susceptibility continues through into retirement. Despite this, we can conclude that persons with a higher socioeconomic status are consistently better oV compared with lower socioeconomic groups. The mechanism behind this needs further research.
The diminishing inequalities with age might be because of the declining influence of work circumstances, but there are other possible explanations. Firstly, the time interval since measurement of employment grade would tend to be longer for the oldest age group and factors other than work that account for mortality gradients would change. This would tend to diminish the eVect of grade. Secondly, the decline could be caused by selective mortality. It is likely that selective removal of sick people results in a relatively healthier population. However, other analyses of this cohort have shown that diVerential mortality attributable to hypertension and hypercholesterolaemia is limited, and the eVect attributable to smoking is small. 26 Thirdly, the larger inequalities in the younger age groups relate to the fact that in the United Kingdom, in recent decades, the inequalities are widening 27 and thus this suggests that, in the future, among the elderly the inequalities will also widen.
In conclusion, socioeconomic diVerentials in mortality still persist at older ages for almost all causes of death. The eVect of socioeconomic status thus has a long term eVect. For some specific causes of death the influence of work on inequalities will decline. Further research looking at changes in risk factors may be helpful in elucidating the aetiology of inequalities. For this reason, the surviving men in this cohort have been re-contacted to obtain updated risk factor information. We conclude that, together with more general socioeconomic factors, working conditions themselves may aVect a broad range of health inequalities among middle aged men. In addition, social diVerentials influence most causes of disease and these eVects continue through into retirement.
The Whitehall population is largely "white collar" and misses those not in work. The mortality diVerentials are, however, in the same direction and of the same order as observed in the general population in Britain and elsewhere. 28 It is a problem of profound importance.
